Paradigm, Low dose effect, adaptive response, somatic mutation, carcinogenesis By adopting the concept of scientific paradigm after L. Sagan, the history of pardigm shift in 1950 in radiation protection standard by ICRP from a threshold to a non-threshold model was critically reviewed.
INTRODUCTION
The effects of ionizing radiations on human health have been one of the most serious environmental problems for people in atomic age. Most concern is the effect of low dose irradiation which raised many debates scientific as well as decision-making-related. 
PARADIGM SHIFT IN 1950s
Sagan described the shift very clearly. The observation that exposure of ionizing radiation could produce harmful, even lethal effects, was recognized shortly after the discovery of X-ray in 1895. It was at first thought that radiation effects obey a threshold response, that is, only high doses which exceeded a threshold would produce biological effects. Following the second world war, ICRP in 1950 amended the terminology indicating the dose limit from tolerance dose to maximum permissible dose. It was not based on a non-threshold hypothesis but on the notion of a threshold with a rather large uncertainty3). In 1950s this strategy was reconsidered, partly on the basis of the genetic studies by Muller who strongly suggested that thresholds for genetic effects might not exist, and partly on the basis of leukemia induction in A-bomb survivors and the calculation of Lewis4) who suggested that radiation-induced leukemia was due to somatic mutations induced by ionizing radiations. These indicated a linear model of genetic and somatic effects of ionizing radiations5).
In addition, a linear model was also suggested for radiation-induced life-shortening in experimental animals which was supported by the data of shortened life-span of radiologists reported by Warren 6) , later shown to be erroneous?). Somatic mutation theory of aging was proposed by Failla8) and Henshow9) separately but at the same time in 1957. And Curtis10 devoted his scientific activity to demonstrate the correlation between somatic mutations , in his case, chromosome aberrations and aging in experimental animals.
Thus we may conclude that the paradigm introduced in the 1950s consists of a very simple assumption that genetic as well as somatic effects of low dose irradiation are based on mutation directly induced by ionizing radiation. Somatic mutation theory of carcinogenesis has been widely accepted.
The paradigm encourages the public fear that even very low doses of radiation are harmful . Specialists responsible for radiation protection have difficulty in explaining to laypersons how we can accept the low risks at low doses of radiations because of this paradigm.
PROBLEMS IN THE PRESENT PARADIGM
At low doses of radiations we have no direct data on the existence of risks . We have to use extrapolations from high doses to low doses and from animals to man resulting in large uncertainties in the estimation of risks. Many studies have been carried out to reduce the uncertainties but the paradigm remains unchanged. But some of those newer observations suggest serious problems in the present paradigm that genetic and somatic effect are induced by the same mutations induced by ionizing radiations.
First, radiation-induced life-span shortening was disproved by later studies and rejected in ICRP recommendation of the 196511). Quite recently, noncancer mortality of A-bomb survivors was shown to be increased with radiation dose12). Statistically, a pure quadratic or a linear threshold model [the estimated threshold dose is 1.4 Gy (0.6-2 . 
